111 Academy; Slite 150 .
IWike, California 92617 :
©otel: -949.752:5452 . P

Co faxis 949 725:3790

: 'Ms Ana Townsend L L
. California: Reglonal Water Quality Control Board -=-Los Angeles Reglon RN
- 320 W. 4th Street, Suite 200 : o '
S Los Angeles California 90013 o '

: 38ubjecti o Addendunt No 2 to the Bulldmg 2 I:n—Sltu Reaetlve Zone Pllot Test Workplan

- ‘C-8and Bioremediation: Amendment Injections -~~~ o .
- Former C-6 Facility, 19503 South Normandie Avenue, Los Angeles Cahforma """""""""""
L -_'ComphanCe File CI- 9310 Order No R4 2007—0040 S e D

- Dear Ms. To’wnsend-

' _O:n behalf of ‘Boeing Corporate Real Estate (CRE) (formerly Boemg Realty Corporatlon) Camp.
. Dresser & McKee Inc. (CDM) has prepared this Addendum to the. Building 2 In-Situ Reactive
. Zone Pilot Test Workplan (Work Plan) (ARCADIS G&M, Inc.; August 15, 2001) to perform- _
- bioremediation amendment slug injections in C-Gand at the Building 2 Area of the former C-6 - C
- facility. The original Work Plan was approved. by the California Regional Water Quality. -
~ Control Board Los Arigeles Regiori (RWQCB) on May 17,2002. An-addendum (Addendum

. No:1) to the Work Plan (ARCADIS G&M, Inc: ,July 31; 2002) was prepared to incorporate the .. .
- CSand into'the in situ reactive zone (IRZ) pilot test and was subsequently approved by S :
N RWQCB on November 6, 2002, RERAITIE R RRITIEE R SR :

R jThls Addendum modlfles and- supplements the orlgmal plari and. Addendum No 1 based on
- the results of the previous slug injections by proposing additional electron donor injections
- and bicaugmentation to enhance the biodegradation (reductlve dechlorination) process and -

_ reduce contaminant mass.....-. R ORRTIRe : '

_10 Pr0]ect Background e s | Sl

- The forimer C-6 facility is located at the southeast corner of Normandle Avenue and Knox.
‘Street in.Los Angeles, California (Figure 1). Two volatile organic compound (VOC) .
- groundwater plumes have been identified at the former C-6 facility (former Buildings 2 and "~
" 1/36). This document covers orly former Building 2. A biorecirculation pilot testis being..
L ‘conducted at the Bulldmg 1/36 area of the fac111ty as described inthe CDM documeiit titled
S P Addendum to Bulldmg 1 / 36 (Parcel C) Source-Area Groundwater In-Situ Reactive Zone

’ consultlng . englneerlng « coristriiction » operatlons B ' R
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inclide trlchloroethyle:ne (TCE) and 1, 1 dlchloroethene (1 1, DCE) Other VOCS are prese:nt --------------------- e
: 'but at lower concentrations. o o R S

RN .Based o the Work Plan and Addendum No. 1, the RWQCB jssued a General Waste
. - Discharge Requirement (General WDR) permit in February 2003. Infrastructure 1:nclud1ng
L ~injection (or amendment) wells and piping were iristalled between May and September 2003
- in Building 2 (Building 2 Amendmentand Monitoring Well Installation Report, ARCADIS
G&M,; Inc.; July 28, 2004). In general, the injection well network was designed totreat TCE - | g
- concentrations in excess of 5 milligrams per liter (mgy/1) in the C-Sand groundwater beneath -
o the source areas. Amendment injections wetre conducted at the Building 2 area iri 2004; S
~however, technical difficulties prompted a review of the selected amendment and injection =
- methods. A final report summarizing the results of bioremediation amendment injectionsand.
~. évaluation of the groundwater monitoring data collected over a 4-year period (2004.to'2007).. -
- at the Building 2 Area was-submitted to: RWQCB in Maich 2007 (CDM; Final Repott of In-Situ
Reactive Zone Pilot Test at Former Building 2, March 29,2007). These data indicated that,
. ~although limited injections were performied, reductive dechlotination of TCE did ‘occut i
oo somie of the injection well locations in both B-Sand and C-Sand. Where reduictive - B
~dechlorination occurred, degradation products consisted of cis-1,2-DCE, viniyl chloride (VC)
- and some ethene: The-data‘also indicated that C-Sand wells in the Building 2 area showed the
- most promising résults'in terms of biodegradation. As a‘result, additional bioremediation -
- inje'ctio'nsi ap'pear' to be warranted in C-Sand.. S S '

- In June2007, the RWQCB rescmded the General WDR Permit for former’ Building 2, Wthh -
- was-then replaced with a Site-Specific (Individual) WDR Permit issited in August 2007. The - -
Individual WDR permit was issued to cover biotemediation (biorecirculation ard/ or slug o
- injections) at the entire C-6 facility as appropriate, with specific approval for conductinga -
- biorecirculation pilot study at Building 1/36. The Permit also provided options to continue or:
. expand the biorecirculation study: and/or.implement slug injections at portions-or all of the
- C6facility as appropriate, followmg preparatlon of work plans and approval of the same by
'theRWQCB ..: ...... S : _ o e B )

'_Thls Addendum has therefore been prepared for the C-Sand at the Bulldmg 2 area (herem _ _
- referred toas the Site) to implement: additional injections of electron donor in the existing C— Ll
. Sand wells to maintain/enhance conditions supportive of biodegradation; and - -
. bicaugmentation inorder to enharice the biodegradation (dechlorination) of contaminarifs. _
- The specific wells and infrastructure proposed herein performed well without significant
~techiiical d]fflcultles durmg prioruse. - e
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 The main ob]ect1v_e of the C-Sand amendmient 1n'j'ectio'ns is to verify the effectivenessof ... -
bioremediation with bioaugmentation tofurther reduce VOC concentrations and mass in '
ground water beneath the Site and enhance the reductive dechlorination process. The- spec1f1c
ob]ect1ves of the 1n]ect1on program are as follows:

........ R Cont1nue and enhance mass destruct1on in the C Sand including destruct1on of Sorbed

ERVRER R :'contam1nat1on that would otherw1se actas a long “term res1dual SOUrCe;. o -

Cow ~ Providea treatment zotie where the dechlormatmg culture can qu1ckly become
' established under Site conditions, - : L : e ;

. 3. 0 Slug In]ect1on Scope e e T
" . This section describes the: scope of the. m]ect1ons 1nclud1ng a brief descr1pt1on of the

technology, the overall approach inicluding a brief description of the: injection plan: and - _
system, measures of success, and the monitoring program. Figure 2 shows the overall ex1st1ng =

- plan for the Site including existing C-Sand amendment wells and C-Sand groundwater

- monitoring wells of interest. Figure 3 is-a focused plan showing the area of the Site where the

- existing C-Sand ameéndment wells are located. These wells are manifolded to smgle
'aboveground Vault (Vault 4) as Shown on F1gure 3o R

31 Technology Descnptlon -

A :B1oremed1at1on is a groundwater remediation technology that st1mulates the incsitu b1olog1cal o
- destruction of chlorinated VOCs over a wide range of concentrations in groundwater,
. including sorbed contaminants. It involves the addition of substrates and nutrients to-an
o aquiferto stimulate the growth of a target consortium: of bacteria, ult1mately resultmg in
- reductive dechlorination of chlorinated solvenis. In cages where the “approptiate bacterial
' . populations are not present in an aquifer, it can also involve the addition of a bacterial culture
. .'that is highly efficient at degrading a parti’cular contaminant Which is l<nown as '

. contaminant b1otransformat1on which may be limited by lack of required nutrients; electron-
~donor, or by the lack of appropriate bacteria: For chlorinated solvents, this process occurs
*mostfavorably under strongly reducing (i.e., methanogenic) conditions created by addition of _
o electron donor compounds (generally fermentable orgamc compounds suchas- - - S
) carbohydrates) o _ e s _ T L -
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N optlmal combination of electron donors and bloaugmentatlon cultures. for the C-6 Fac111ty.. _
. Theresults of the'study showed that either sodium lactate (fast release donor) or'émulsified - e -
: Vegetable oil (slow release donor) in Combmatlo:n Wlth Commerc1ally avallable '

~-other-donors studled and. tested also performed reasonably Well Whlle itis plarmed to - _
_ 1n1t1ally use sodium lactate for these 1n]ectlons any of the other tested doriors as: wellas the

- bicaugmentation cultures (which are all approved for use at the Site undet the Individual = _
o WDR.Permit) may be used either'in’lieu of or in conjucntion W'ith-sodium lactate. . L BRRREEE

The overal approach Con51sts of performmg an initial round of: slug injections: mto the: ex1st1ng
CCSand amendmient wells usmg sodiuin lactate solution and bicaugmentation . Basedon-— ..
- performance monitoring data, additional rounds of donor injection may: be riecessary to
“achieve the objectives stated previously. Baseline monitoring will be performed prior to
- injection, and periodic performance monitoring will be conducted at up to six existing
'_ - monitoring wells near the Vault 4 injection area: Detalls on the locatlons freque:ncy, and _
----- S : analytes are provided in Sectiond. - _ S ARSI -

33 SlugIn]ectlonPlan 5 R |
- The 20 C-Sand injection wells in Vault 4: (Flgures 2 and 3) are in rows oriented approx1mately
- perpendicular to predommant C-Sand groundwater flow, with wells within anvindividual =~ -
‘Tow spaced approximately 30 feet apart, arid the rows being spaced approximately 45 feet .
e -apart. Table'1 provides the well construction details fot the 20 C-Sand .amendment wells. The
''''''''''''' - injections will be designed toachieve an appropriate radius of influence around each well
""" . duting the injection. The injection concentration is expected to'be in'the range of 05% up to.
1 10% donor solution, which is suff1c1ently hlgh to degrade residual source matetrial or- sorbed
'_massthatmaybepresent . . T [

Itis expected that 19 of the 20 ex1st1ng Vault 4 wells w1ll be used for m]ectlon One Well is |
- unusable based on the last injection conducted in 2004. The injections will be closely
. monitored for volumes, pressures, and allowable flowrates; and any wells that build 'u'p' o
. pressure to Lmacceptable levels will’ have flow rates decreased or potentlally have m]ectlons Sl

' 'stopped _ UL S |
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B _'-'B1oaugmentat1on Wlll be performed at the Site so that.a culture capable of efficient .~ ... _
' ~transformation of contaminants to ethene is available and adapted to Site-specific Cond1t1ons .................
- Appropriate amounts of bicaugmentation cuilture’ Wlll be added to some ot all of the 1n]ect1on '
“wells to meet the ob]ectwes 1dent1f1ed in Section 2. ' B

.34 Slug In]ectlon SYStem . _: """"

N Based on analysis of previous injection data, it is est1mated that- the average sustalnable - -
- effective injection flow rate will range from approximately 1 to 10 gallons per minute (gpmj e
''''''''''''''''''''' - per well for the wells selected at Vault 4. Actual individual well flowrates. may be higheror .-
lower and will be documented during the field activities. It is anticipated that the previously-
_ - used injection manifold will be-adequate to control flow into the wells. However, the injection -
B 0 system will include automatic pressure control, so thatflow will be'discontinued if the o
""" ' injection pressure exceeds a predetermined limit. This approachis intended to.allow injection .-
‘only under siphoning conditions after the line is prithed. The 1n]ect1on system details will be -
‘determined followmg approval of th1s plan S - e

“The make- '11p water source Wlll be [rom one or more fire hydrants located ad]acent to the Site.
~ Water will bé mixed with sodium lactate or other approved electron donors using a.
mechanical dosirig system that adds donor based on flow proportionirig. For c
- bicaugmentation the diluted electron donor solution will be stored in a-closed-top tank priof-
to mixture with culture-to minimize further introduction of oxygen:. Proper measures will be o
“taken to reduce res1dual Chlorme and dissolved. oxygen present ini the hydrant water.

-~ Atracer such as brom1de may be added {o the m]ected water in order to. improve L
- understanding of the local. hydrauhcs If a tracer test is performed, monitoring for the tracer -
~will be performed either using downhole probes or by Collectmg groundwater samples and .

N ﬁ.' _analyzmg them for the traCer T o

- 3 5 Measures of Success : e

: Plan and Addendum No. 1, will be used. to evaluate the p1lot system and willinclude:
: measurement of VOC concentrations, eléctron-donor parameters, redox-sensitive parameters
" biological activity parameters, and water quality paramieters it groundwater;and .+ L
- measurement of injection flows and pressure to confirm siphoning conditions and desired
* injection flow rates and volunies: These data will be used to determine whether each of the
: ob]ectwes l1sted in Section 2 has been aclueved Further information regardmg mon1tor1ng is.
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: _located near the Vault 4-injection area. Table 2 prov1des the well completlon detalls of the six

“existing, momtormg wells, which consiste of - R REE R
. IRZCMWOOl 5 monitor upgradlent Condltlons S SR S R el
'_ w _ CMW026 IRZCMW002 IRZCMWO003, and MWC024 1o monitor the aqulfer inaréas ''''''''''' ' ----- Sl
R expected to bedirectly impacted by injections;and e B
n CMW002 to-monitor conditions downgradient of the m]ectlon area: (to determme """
Whe:n effects of the m]ectlo:ns appear) ------------

- revised Monitoring and Reportmg Program (MRP) No. CI-9310 from the Ind1v1dual WDR
“Permiit which has been amended to include the Building 2 C Sand slug. m]ectlons The MRP is

bemg submitted urider a separate doverto RWQCB

| 41  Baseline Momtormg | N B .- :

o Baselme sampling is- recommended pr10r to beglrmmg m]ectlon activities in order to estabhsh

. will include one or more of the following. a:naly515 o

baseline conditions as Close as: p0551b1e to the m]ectlon activities.

At least one round of baseline momtormg will be performed pr10r to the slug m]ectlo:n and -

m _' . VOCs and degradatlon products consisting of tetrachloroethene (PCE) TCE 1 1- DCE

o - -Redox sensitive parameters (dlssolved oxygen [DO] ‘oxidationreduction potentlal

m " Bioactivity parameters _(alkalmlty and pH); -

. Cis-1,2- -dichloroethylenie {cis-1,2-DCE); trans-1,2- dlcholorethylene (trans -1, 2—DCE)
- vinylchloride (VC) ethene, ethane,and chloride; ... -

" '.Electron donor parameters (chemlcal oxygen demand [COD] or total orgamc carbon
- TTOC): ' |

. [ORP], ferrous iron, sulfate, and methane);
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8 R S " . Bacter1al DNA analys1s by Quant1tat1ve Polymerase Cham React1on test (qPCR)'

3 . . Other water quality indicators (temperature, and electrical Conduct1v1ty [EC])

S PerformanceMomtormg . S S

L . Performance monitoring will be performed per10d1cally followmg the 1mt1al slug m]ect1on to
' - eonfiri the effectiveness of the injections, and to determine if and when subsequent injections-
- are needed. The monitoring will consist of grou:ndwater samplmg from the network of °

'_-morutormgwells listed above. . : e e e R
“The frequency of performance mohltoring and reportirig 'is.provide'd in the reV'iSed l\/lRP No. ._ L
o CI9310. If additional injéction events are conducted, mon1tormg may need to be mod1f1ed as o S
R appropr1ate and a rev1sed MRP w1ll be submitted. - SRR - '
o 3 Samplmg and Anal}’s1s SR . e
o In general the same samipling and: analys1s procedures spec1f1ed it the 0r1g1nal Work Plan
Cwill be followed (ARCADIS 2001) e

A combmahon of f1eld measurements and fixed laboratory analyses will be used durmg WDR
L monitoring, A multi-parameter water qual1ty instrument will be used to measure purge - ERRRIERER
parameters (pH, DO, ORP, temperature, and EC). A field test kit will be used for ferrous iron,”
~-and test kits may be used for other parameters {(e.g. alkalinity, and sulfate). .All: remammg '
- analyses will be performed by a fixed. laboratory (VOCs, ethene/ethane/ methane; anions, e
L 'COD/TOC anquCR) SR o _ : e,

: _ .All samples for f1xed laboratory analys1s will be stored on ice in a'cooler and- transported by
- courier-to-a California-certified analytical laboratory for-analysis under proper chain-of- -
- custody protocols. Chain-of-custody forms will be mairitained throughout sample collection
-and trarisport. Field data will be collected and recorded on standard groundwater monitoring -~
forms, and the laboratory data will be submitted electronically for upload to the project =~
' -dat'abas'e_--in acc"ordaﬁc‘e"with the-accordarice with Boeing's Dat'a.l\/[anagemen't Plan (DMP_).

o Duplicate samples will be collected at a frequency of 5% (o:ne every 20 samples) as a check on - '_ .....

- sample homogeneity and laboratory precision. Trip blanks will be sent with.each shipmentof ..
VOC and ethene/ ethane /methare samples-as a check for contamination during transport.
Approximately 10 percerit-of the VOC laboratory data for the primary samples will be

_ Val1dated durmg ¢ach samplmg round to Ver1fy that the data are of- suff1c1ent qual1ty

' BOE-C6-0056416
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. .Completed Performance monitoring; data will be evaluated following each samplmg round .. §

and regular progress reports Wlll be prepared as prov1ded in the revised MRP.

At the ConClus1on ofthis’ 1n]ect1on and- mon1tor1ng program, a final Summary report Wlll be .

- prepared per the revised MRP that documents the slug injection activities performed -
including monitoring and sampling results, provides data evaluation/interpretation, and.’
S presents conclusions about the 1n]ect1ons and recomirmiendations for future actions.

o 5.0 Project Schedule - P

s estimated that implementation of the initial round of slug 1n]ect1ons will be Completed by
the second quarter of 2008, pending approval of this addendum and the revised MRP. .

~ Baseline monitoring and subsequent performance monitoring and reporting will be 70

- conducted at regular intervals as-described in the revised MRP. Schedule for additional
.injections; if heeded, will be based on the resulis of the performiance monitoring. The final

R summary report is expected to be submitted to RWQCB by Octobet30, 2010 o

6.0 Residuals Management

: . -Residuals generated during the 1mplementat1on of the slug 1n]ect1ons will 1nclude _
S _"groundwater monitoring and purge water. All groundwater monitoring and purge watet Wlll e

70 Healthand Safety

-.Durmg Site operations, all personniel will follow procedures and Safeguards which will be
~described in an Addendum to the existing site-specific Health and Safety Plan (HSP, CDM, -~ -
~‘May 4, 2006) and prepared in accordance with Title 29 CFR, Section 1910.120 and 8 CCR 5192.

- The HSP Addendum will assign responsibilitics; establish personnel protection standards and -

- becontained i 55- gallon drums and labeled. The drims will all be stored in-a commori area - S
. of the Site desigrated by CRE.: Upon completion of field activities, the 55- gallon drumswill be”
- characterized for proper off-Site d1spos1t1on by CRE. : N

mandatory safety procedures, and specify appropriate measures-and procedures taken for

: Contmgenmes that fay arise while operations are bemg conducted at the site. The HSP

- Addendum will be Specmc to the slug: 1n]ect1on activities at the Site.
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. RavlsubramamaanE : ’ - . s T ..

o : .. I Figure 1- :Slte Vlcmlty Map _ y : :
B ERREENE Figure 2 = - Location’ Map, C- Sand Wells of Interest Former Bulldmg 2

S Injections at Vault4 Former Building 2 T
T_able 1~ o Well Completlon Details - Ex1st1ng ‘CSand Amendment Wells S .
. Proposed C-Sand Slug Injections at Vault 4, Former Building2 =~~~
Table2=  Well Completion Details - Existing C-Sand. Monitoring Wells of -~
e _jI:nterest Proposed CSand SIug Injections at Vault 4, Former Bulldmg 2

c¢: Robert P, Scott, BOeing Company ' SO O
R Joe Weidmann, Haley &Aldrich, Inc e S e
...... .PatEvanS CDM e . ........ . S . .
- Michael Smith; COM BTN RP S o o : :
- Kent Sorenson, CDM e PO, -
_"_Ry'anWymore,_CDM. e S - Sl o
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Proposed C-Sand Slug InJect|ons at Vault 4, Former BU|Id|ng 2
Former C 6 FaC|I|ty Los Angeles CA

Well ID

Northiing

Top of

" |Casing Elev -
- Easting

ft. MSL .

WeII
Diameter
in.

Bentonite Seal -
ft. bgs

Sand Filter Pack
(8-in dia)- ft. bgs

‘Screen Interval.

(0.01in Slot Size) -

. bgs -

IThickness

Screen

i

| 1Rzcooot

~IRZC0004-

ZC0003 -

IRZC0005:
[RZC0006
IRZC0007 -
IRZC0008
IRZC0009. -
IRZC0010
IRZC0011 -
IRZC0012
[RZC0013 -
IRZC0014
IRZC0015: -
IRZC0016’
IRZC0017
IRZC0018
IRZC0019
IRZC0020.

6,470,319 |
6,470,294-|
6,470,272
6,470,243
. 6,470,400 |-
16,470,372
6,470,348 | -
8,470,315

6470257

6,470,281

16,470,258
6,470,414

6,470,381
6,470,358,
6,470,336 |

6,470,301
6,470,429

6,470,401

6,470,373

1,768,863

1,768,604

1,768,584
1,768,591
1,768,581

1,768,561
. 1,768,552
1,768,542
1,768,564
1,768,537
1,768,528
1,768,519
11,768,509
1,768,506
1,768,486
1,768,486

1,768,594

1,768,571

48,09

L4921 .
4859
4888
4832
5323 .
5300
5322
491 -
4874
L4827
S 5321
5322
5302
5323 .
. 488
5325
5325
53,05

5

Sl o L L e

.87.5
905

845

.89

875
845

L

91

915
900
90
.95
g5
98,5
9.5
92 |
91
94
94
955
99,5
E<To I I
985
R
98.5.

81
80

85.5 ..
845

81

875 -

915

en
C9g
95"
"_.95_ :
985 -
9B

92

94

94 -

955

995
A

985
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Table 2

Well Completion Details - Existing C-Sand Monitoring Wells of Interest

Proposed C-Sand Slug Injections at Vault 4, Former Building 2

Former C-6 Facility, Los Angeles, CA

Reference Boring Screen | Depth to Top of| Casing
Elevation (ft |Total Depth|  Depth Filter Pack Diameter | Casing [Slot Size

Well I.D. Easting'® | Northing”®|  AMSL)? (feet) [Interval (feet) (feet) (inches) Type |(inches)| Drilled Date
IRZCMWOO1] 1,768,660 | 6,470,218 51.74 92-117 90 4 Sch40PVC] 0.01 8/6/2003
[[Rzcmwoo2| 1,768,410 | 6,470,417 55.6 96-121 94 4 Sch40PVC| 0.01 5/12/2004
IRZCMWO003| 1,768,593 | 6,470,298 51.69 - 92-117 90 4 Sch40PVC| 0.01 8/8/2003
CMWO0002 1,767,936 | 6,470,554 52.81 124 99-124 97 4 Sch40PVC| 0.01 8/14/2003
CMW026 1,768,603 | 6,470,279 51.53 117 92-117 90 4 Sch40PVC| 0.01 8/6/2003
MWC024 1,768,409 | 6,470,266 51.64 125 96-121 93 4 Sch80PVC| 0.02 10/26/2006

! California State Plane North American Datum of 83 (NAD 83), Zone 5, Feet
% ft AMSL - Feet Above Mean Sea Level. Elevations based on North American Vertical Datum of 1988 (NAVD 88)
% Coordinates were slightly revised based on additional survey done in November 2006

C:\Documents and Settings\subramanianiiMy Documents\C-6\Worked on\C6 B2 WP Add2_Tables_011808.xls
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